INTRODUCTION
During the past three years we have had under observation nine children with congenital cesophageal constriction, in seven of whom this was opposite the seventh thoracic vertebra. Cases of an apparently similar kind have been reported by Beatty, Sheldon and Ogilvie, and Heatly. Neither in their papers, nor in those of other writers on this subject-so far as we know-has doubt ever been expressed as to the food passage below the stenosis being in any way abnormal, or other than a continuation of the cesophagus. At the Summer Meeting of this Section last year (Proc. Boy. Soc. Med., 1930, xxiii (Sect. Laryng., 71) , one of us (A. B. K.) briefly described four of the nine cases and stated that in two of them he had found by endoscopy the junction of the cesophagus and stomach (cardia) to be situated close to the lower end of the stenosis and that the parts beyond presented the usual aspect of gastric mucosa. In consequence, the dilated viscus seen in several skiagrams extending between the stenosis and diaphragm was regarded as a diaphragmatic hernia of the stomach, or, more correctly, as a partial thoracic stomach. Since then Case 1V1 has been lost sight of, but the remaining three, together with five new cases, have been in hospital under the care of one of us (L. F.). This opportunity was taken to conduct repeated X-ray and endoscopic examinations, with the result that new evidence as to the condition is available.
We are not here concerned with congenital cesophageal stenosis in general, but with a special variety the recognition and elucidation of which have been our aim. The main objects of our communication with reference to the type of stenosis in question may be outlined as follows: (1) To describe its symptomatology;
(2) to identify the stenosis with the cardiac canal (i.e., the diaphragmatic and abdominal parts) of the normal cesophagus; (3) to prove that the section of the alimentary canal between the stenosis and the hiatus cesophageus is not the dilated lower part of the cesophagug, but the upper part of the stomach; (4) to point out that the height in the thorax to which the stomach reaches above the hiatus cesophageus corresponds approximately to the amount of congenital shortening of the cesophagus; (5) to record the normal X-ray appearances immediately above the diaphragm during deglutition in children; and (6) to show how, during this physiological process hiatal hernia occurs. (Figs. 1 to 9.) TRACINGS OF SKIAGRAMS OF CASES OF CONGENITAL SHORTENING OF (ESOPHAGUS WITH RESULTING THORACIC STOMACH (FIGS. 1-9).
FIG. 1.
Case I.1 1 Cases I-IV were described in Proc. Roy. Soc. Med., referred to above. Of the nine cases upon which this paper is based seven were boys who are numbered, and whose ages when first examined with the cesophagoscope were as follows: Case I, 2 years 7 months; II, 7 years; III, 9 years; IV, 4 weeks; VI, 1 year 2 months; VIII, 9 years 10 months; and IX, 8 years 8 months; and two girls-Case V, 1i1 months, and Case VII, 2 years 5 months. SYMPTOMATOLOGY Vomiting or regurgitation of food.-This is the most constant symptom. In all the cases this was the complaint for which the children came under observation. Stomach tube passed did not meet with any obstruction although skiagram revealed a questionable stenosis and marked dilatation of lower portion of gullet; at this time the significance of these appearances had not been appreciated.
FIG. 9B.-Skiagram taken 7 years later. There had been no vomiting for 6& years. No obstruction encountered with tube or on endoscopic examination. There are nievertheless still dilatation of cesophagus, the suggestion of a stenosis and hiatal hernia. The stenosis, however, is situated at a level of one vertebra lower than in earlier picture.
With two exceptions this so-called vomiting had been present from birth, though in three of the children (Cases I, III and V) it had, after persisting for some weeks, disappeared for a time. In two of these children the vomiting returned at nine and ten months when solid food was first given, but in the other the recurrence of vomiting was delayed till the age of five years. In one child (Case VIII) there was, however, no vomiting at all at birth and this did not appear until he was 89 Section of Laryngology 1565 end of four years, i.e., when he came under observation, they were of almost daily occurrence.
Frequency of vomiting and amount.-The vomiting varied much in frequency. In some cases it occurred after every meal, while in others, only after one meal in the day. There were also considerable variations in the amount returned. In one case the child ejected the whole meal, and with so much force as to suggest pyloric obstruction, whereas in another only a mouthful was brought up.
Time when vomiting occurred.-One very characteristic feature of the vomiting was that it occurred during the meal. In our opinion this should always raise the suspicion of cesophageal obstruction. This phenomenon was observed in seven of the patients. The mother of one child (Case II), armed with a pot de chambre, was in the habit of sitting behind him while he was eating so as to be ready to catch the food expelled at interva'ls throughout the meal. Vomiting, however, also occurred after food, whether it had been present or not during the meal. In some instances it would be delayed for as long as one or two hours.
Nausea and discomfort.-Just before vomiting, occasionally the older patients complained of an uneasy feeling which they referred to the pit of the stomach. At times this was described as a desire to be sick.
Dysphagia.-Although dysphagia was never remarked upon by the parents, or complained of even by the older children, it was quite apparent that this was invariably present. If one observed the children during a meal, it was noted that while they could swallow fluids comparatively easily they had trouble with solid food. Any solids in the meal would be taken in small portions, laboriously masticated and swallowed only after a considerable interval. As one mother remarked, it took the child three-quarters of an hour to eat a breakfast consisting of porridge, half a slice of bread-and-butter, and cocoa.
Effect of varying consistence of food.-Naturally the vomiting was more marked with solid food, though in all of the cases it was present also with fluids. The mother of one child (Case VIII), however, was convinced that it was fluids which caused the vomiting and insisted that this was much less if the meal were taken dry. One of the children (Case I), who swallowed a pea in soup, vomited everything taken during three days. On the third day the pea was discovered in the vomitus and thereafter the child swallowed as usual and the vomiting reverted to the former more or less intermittent type.
Constipation.-In consequence of the vomiting and fluid diet constipation was a prominent feature and in some cases was most intractable.
Nutrition.-It was only to be expected, owing to the difficulty in taking solid food and the loss through regurgitation of much that was taken, that the nutrition of the children should suffer. Hence almost without exception the patients were not only undersized but also considerably under weight.
EXAMINATION WITH SOFT RUBBER TUBE
The regurgitation of food during a meal, particularly if this has been present since birth, should always suggest oesophageal obstruction and the passage of a soft rubber stomach tube for its detection. By this means an obstruction was readily encountered in all excepting one of the cases recorded by us. This was found at a distance of 14 to 30 cm. from the upper incisor teeth, depending roughly on the age of the patient. In some cases the tube could not be passed beyond the obstruction, while in others, after being held up, it could with continued gentle pressure be induced to pass through the stenosis and enter the stomach. The sensation was very much like that experienced in passing a urinary catheter through the membranous portion of the urethra, and made one tbink of spasm as being partly responsible. It may be for this reason that the stenosis is most easily detected witb a soft tube and that the symptoms ate so definitely intermittent. In some cases the obstruction, which was easily detected with the soft tube, could not be SEPT.-LARYNG. 2 * Proceedings of the Royal Soctety of Medicinie 90, appreciated wben a gum-elastic bougie was employed. It was also noted that occasionally the stenosis seemed to be easily dilated, because after the passage of a solid bougie, or even of a soft rubber one, and invariably after the endoscopic examination, no obstruction could be detected-at least for some time-with the soft tube. In one child, while the bougie could be easily introduced into the stomach, its withdrawal was difficult owing to its being gripped in the lower part of the cesophagus.
X-RAY EXAMINATION
Although the obstruction is readily detected by means of an cesophageal catheter the most certain method is by X-ray examination after a barium meal. In this way the exact situation of the stenosis can be recognized, as well as the degree of dilatation of the cesophagus above it. Unless, however, this examination is carried out in a special manner, the stenosis may, as we know from personal experience, be entirely overlooked. In one of our cases too thin a meal had been given in the first instance and nothing abnormal was displayed in the radiogram. To get the best results the stomach should in the first instance be distended with a thin barium meal, and then a dessert-spoonful of a mixture of the consistency of thick porridge should be given. The advantages of the latter are that it. will pass an obstruction only with difficulty and will tend to persist as a bolus of a fair size and travel along the cesophagus very slowly. But probably more important is the time factor. The child, in the recumbent posture, must be examined immediately with the fluorescent screen, or a plate must be taken during the process of swallowing. If one delays too long before taking the picture the characteristic appearances will not be seen, as time will have been allowed for the opaque meal to pass the obstruction and enter the stomach. The importance of this time factor was brought home to us by one of the early and most marked examples. This child (Case I) was screened while he was given about three-quarters of an ounce of a thick barium meal to swallow. At first there was observed great dilatation of the upper part of the cesophagus with constriction towards the lower third. Just beyond the constriction another dilatation almost immediately made its appearance, which, from its situation above the diaphragm, at first suggested cesophagus. This lower dilatation then presented a rhythmical increase and decrease in size and the meal was seen slowly to pass below the diaphragm. Ultimately it all reached this infra-diaphragmatic portion of the alimentary canal and both dilatations above the diaphragm disappeared and were indicated merely by a thin line.
In all nine cases, excepting two, the stenosis in the skiagram was shown to be on a level with some part of the seventh thoracic vertebra. In five cases the obstruction was situated on a level with its lower edge; in two, opposite the middle of the vertebra; and in one, opposite its upper edge. In one of the exceptions (Case VII) the constriction was opposite the 5th thoracic vertebra, and in the other (Case IX) on a level with the lower edge of the 9th thoracic vertebra.
Even more striking in the radiogram than the constriction opposite the 7th thoracic vertebra and the dilatation of the cesophagus above this level, was the already referred to dilatation immediately distal to the constriction. Whether this was due to cardio-cesophageal dilatation or was of the nature of a true hernia of the stomach through the hiatus, was at first sight impossible to say, and, as mentioned at the outset, it is with the decision of this point that the present communication is largely concerned. It has been stated that in the case of true hiatal hernias the supra-diaphragmatic portion of the stomach may be filled with gastric contents, air or food, and that this may be encouraged by raising the pelvis or by pressure in the epigastrium. In not one of our cases was there even a suspicion of an air-bell in the supra-diphragmatic dilatation, and, after this had emptied, it was not found possible either by change of position or by pressure in the epigastrium to refill it from the stomach.
Section of Laryngology ENDOSCOPIC EXAMINATION
We have had nine cases of apparent congenital stenosis of the cesophagus, in eight of which the great dilatation of the food passage below the narrowing was proved by endoscopy to be part of the stomach. The one exception (Case IV) was that of a puny infant, four weeks old, in which an cesophagoscopic examination was considered inadvisable: the skiagrams, however, gave typical pictures of a short, greatly distended cesophagus and a well-marked partial thoracic stomach. Case IX presented features in common with the above group, but differed in being constricted at a lower level, viz., opposite the lower edge of the 9th thoracic vertebra.
In our early cases of congenital stenosis of the cesophagus resort was had to endoscopy in order to determine the nature of the stenosis and its suitability for treatment. Two varieties of congenital stenosis are met with: (1) A thin annular membrane or diaphragm with a small perforation, or a fold projecting from more or less of the circumference; and (2) a gradual and uniform reduction of the lumen along the cesophagus for a distance averaging 1 cm. In the latter variety not only is the calibre smaller, but, as necropsies have demonstrated, the walls are thinner and the external circumference is less; in short, the affected part is not fully developed. We found only one case of the first type (Case II), to which further reference will be made. In the other patients the stenoses, when seen by cesophagoscopy, presented the characters of the second type and it was therefore deemed dangerous to make any attempt to dilate them; moreover, the length and degree of the strictures as shown in the skiagrams, gave the impression that they were impermeable. By degrees, however, the dilatability of these stenoses became evident, until one day under gentle pressure the endoscope passed onwards through the constriction, and entered what was obviously the stomach (Case I). As no harm resulted, but rather an improvement in the child's ability to swallow, the other patients, with the exception mentioned (Case IV), have all been examined by oesophagoscopy.
Bruinings' tubes were used. A relatively small size was passed first, then a larger. The youngest child examined was 11 months old. Neither in her case nor in any of the others was any difficulty experienced in introducing No. 4 (diameter of inner tube 7*75 mm. and of spatula 8 * 5 mm.) In the older children, No. 3 (inner tube 9 mm. diam.) or a special single tube 30 x 1 cm. was used. In all of the cases examined atropine gr. 1-200th and a general anasthetic were administered. No hindrance was ever encountered at the upper end. In the majority of cases the gullet contained more or less cloudy liquid and curd, after the removal of which considerable dilatation of the viscus became apparent. On reaching a depth of 14 -5 (Case VII) to 27 cm. (Case III) from the upper incisors-varying chiefly with the patient's age and height-the lumen quickly diminished to a small opening which seemed to be only 2 to 3 mm. in diameter. As stated above, a partial web was present only in Case II, which ruptured as the cesophagoscope approached it; the passage was subsequently kept patent by the boy himself passing a bougie at intervals. In none of the other cases was there a trace of a ledge, scarring, or other irregularity of the surface, and the lining membrane of the gullet was continued into that of the stenosis without evident change, consequently the stenosis was not sharply demarcated.
In six of the eight cases, rhythmical respiratory movements were present at the upper end of the stenosis, similar to those seen in normal subjects at the upper end of the cardiac canal, or, as occasionally termed, hiatal level or epicardia. The endoscope passed along the stenosis with surprisingly little difficulty, thus proving its distensibility. The stenosis varied in length from 0*5 cm. in Case V, to 2 cm. in Cases II and VIII.
On emerging from the stenosis, the end of the tube either came directly into contact with gastric mucosa or entered a space lined with this, the walls of which were rhythmically going apart and coming together with inspiration and expiration respectively. In several of the children the widening was so pronounced 91 1667
1568 Proceedings of the Royal Society of Medicine 92 as to give a view for a distance of 2 to 3 cm. beyond the tube. This condition appeared to be an insufficiency of the cardia, and naturally raised considerations as to its possible relation to the cesophageal constriction, the presence of part of the stomach in the thorax, and-especially-the vomiting. When the tube was introduced more deeply it passed amongst folds of gastric mucosa, and only the small area against the end of the tube was seen. To cesophagoscopists it will probably have suggestsd itself that the description just given of the type of congenital stenosis under consideration is equally applicable to the cardiac canal or combined diaphragmatic and abdominal sections of the normal cesophagus. In both the stenosis and cardiac canal the following conditions are found: At the upper end, rhythmical respiratory movements-; a sphincter-like distensible passage, measuring 1 to 2 cm. in length; and the gastro-cesophageal junction (cardia) close to the lower end of the passage. If this comparison is admissible then the so-called "congenital stenosis " is in all likelihood the cardiac canal situated in the thorax, usually opposite the 7th thoracic vertebra instead of the 10th and 11th, and the terms " epicardia" and "cardia" are applicable respectively to the regions at the upper and lower ends of the stenosis.
Further, if the " stenosis " resembles the normally placed cardiac canal, in that it may be the seat of neuro-muscular disturbances causing spasm, we here find an explanation of the intermittence and varying severity of the voiniting; also of the great dilatation or cesophagectasia above the stenosis seen in most of our cases. In other varieties of congenital, and in acquired fibrous stenosis, the dilatation above the constriction is not so pronounced. It is also likely that the temporary improvement in swallowing which we have sometimes observed after an endoscopic examination is due to the stretching of the canal. Lastly, the complete absence of post-mortem material can thus be accounted for. In the pre-cesophagoscopic days, when a patient with dysphagia died of inanition, a malignant growth was commonly suspected. Contrary to expectation, however, sometimes no obstruction was found in the cesophagus at the necropsy. The cause of death in these cases remained a mystery until v. Mikulicz in 1882 showed, as a result of his cesophagoscopic examinations, that the dysphagia was due to strong spastic closure at the cardia; he therefore termed the affection cardiospasm. If a child suffers from symptoms of cesophageal stenosis due to cardiospasm, and the above facts are kept in view, it need not be surprising if, after death, the cesophagus is found to be normal. Sheldon and Ogilvie report a typical example of congenital stenosis opposite the 7th thoracic vertebra. The child had severe vomiting from time to time and died from tuberculous meningitis. The cesophagus was carefully examined both macroscopically and microscopically, and proved to be "absolutely normal."
In our cases there was no particular difficulty in determining the junction of the cesophageal and gastric lining membranes. In spite of the repeated demonstration of the differences in colour and in reaction of the secretion from the two regions, doubt continued to be expressed by several colleagues as to whether the viscus between the stenosis and the hiatal opening in the diaphragm was not the greatly dilated lower part of the cesophagus. In order to settle this question, a small piece of the lining membrane below the gastro-oesophageal junction was removed from six patients (Cases I, II, III, V, VIII and IX) for microscopical examination. In every instance it was found to consist entirely of gastric mucosa.
At an early period in our investigations the need of a standard method of stating the position of the stenosis, cardia, etc., became evident. It was useless to quote the distances from the upper incisors, as determined by the endoscope, without taking into account the child's age and height, and even then there were no recognized measuremants for comparison. We finally adopted the vertebral column as the most suitable topographical scale.
While radiography revealed the position of the stenosis, it gave no information as to that of the junction of the cesophageal and gastric mucosa. It was therefore necessary to devise a method of determining this level in relation to the vertebral column and of indicating it on the skiagram. At first the measurements were made by noting, on the scale of the cesophagoscope, the distance to the stenosis and to the upper end of the stomach, and comparing the results with the appearances in the skiagrams. For convenience we used a bougie with three small pieces of lead embedded at the tip, and at 5 and 10 cm. from the tip. This was introduced for a known distance from the upper incisors and a skiagram taken. The distance to each of the leads was known, also to the stenosis and gastro-aesophageal junction as measured by the endoscope. After correcting the magnification and deducting 1 cm. for the longer course taken by the bougie compared with that of the cesophagoscope, the position of the cardia in the skiagram could be fixed. But as this method involved too many calculations with variable factors it was abandoned. That finally adopted and most reliable consisted in introducing the cesophagoscope until it reached the gastric mucosa, removing a fragment for confirmation if desired and taking a skiagram while the instrument was in situ. The lower end of the tube then corresponded to the upper boundary of the gastric lining membrane. The amount of magnification was easily found when using Briinings' tubes, by measuring on the skiagram the distance the inner tube projected beyond the tip of the spatula, and comparing this with the distance it had been introduced, as shown on the scale. We considered this tedious and detailed procedure necessary in order to confirm our observations.
Having located the cardia with reference to the vertebral column and marked it on the skiagram tracing, our next object was to measure its height above the hiatus.
The hiatus is situated not on the dome of the diaphragm, but on its posterior aspect; its position therefore cannot be determined exactly in our skiagrams. In order not to overstate the distance, our measurements have been taken from the cardia to the point where the middle of the shadow of the supradiaphragmatic part of the stomach crosses the curve of the diaphragm. Correction has then been made for magnification, which varies from 0 to 10%, and lastly 1 cm. has been added, this being the average distance in the normal cesophagus of young children between the hiatus and cardia. We thus obtain the amount of displacement of the cardia and presumably the amount of shortening of the oesophagus. It need scarcely be added that no claim is made for the exactitude of these measurements, but in a group of cases in which the figures have been obtained in the same manner they serve as a basis for comparison.
Calculations made in the manner described yielded the undernoted results as to the approximate distance of the cardia above its normal position. In Case I, 4 cm.; II, 5 cm.; III, 6 cm.; V, 4 cm.; VI, 2 cm.; VII, 3 cm; VIII, 5*5 cm.
Shortening of the cesophagus is a congenital abnormality, the occurrence of which is easily conceivable when viewed from the developmental standpoint.
At the fifth week the cesophagus appears as a short tube connecting the pharynx and stomach, the latter being still in the region of the neck. With the growth of the heart and lungs and the consequent descent of the stomach, the aesophagus quickly increases in length. This is obvious on comparing a 5-mm. embryo with one of 12 mm. In the former the junction of cesophagus and stomach is on a level with the bifurcation of the lung buds, w-hile in the latter, which is little more than a week older, the part of the cesophagus below the level of the bifurcation is as long as that above this level. No satisfactory cause has yet been assigned for the imperfect or arrested development in the cases under consideration.
PATHOLOGY
None of our patients has died, either as the result of the stenosis or from intercurrent disease. We have thus no pathological material to confirm and expand the information derived from our X-ray and endoscopic examinations.
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The occasional association of a congenitally short cesophagus with a thoracic stomach has been incontrovertibly proved by necropsies; the abridged reports of seven are subjoined. In nearly all of the subjects the entire or greater part of the stomach was in the thorax: they thus differ from our patients, in whom only an upper portion lay above the diaphragm.
The earliest post-mortem report of a thoracic stomach associated with a short aesophagus of which we know is that by Bright in 1836. The subject was a girl, aged 19. When 9 months old she had "vomiting to alarming extent, and when 4 years of age suffered a most severe attack of the same kind accompanied by purging." Thoughout life she was delicate, her stomach was readily deranged, and she suffered from recurrent violent vomiting. Partly owing to dietary indiscretions she ultimately became emaciated and weak, and died. At the necropsy, the stomach was found to be very large. It was contained in a membranous bag and filled the lower part of the right and left cavity of the chest. The aesophagus, commencing in its natural way, terminated in the cardiac portion of the stomach on a level with the fourth dorsal vertebra. Rec., 1919, vol. xvii, No. 2, pp. 108-109. Bund's case.-Male infant, died from broncho-pneumonia when 11 months old. He had not thrived owing to severe vomiting. At the necropsy, two-thirds of the stomach were in the right pleural cavity. The foramen cesophageum was about 3 cm. in diameter. The cesophagus was much shortened and opened into the stomach just beneath the bifurcation. In addition to the aesophageal abnormality the infant had hare-lip and undescended testicles.
Bailey found a thoracic stomach while dissecting the body of a man who had died, aged 77, without a history of gastric or cesophageal symptoms. The foramen cesophageum was 4 cm. wide. The cesophagus was straight and ended at the level of the third costal cartilage. The body of the stomach lay between the pleural cavities and behind the pericardium; only the pyloric antrum was in the abdominal cavity. (Fig. 10.) Huffman's subject was a woman, aged 50, who had died from myocardial insufficiency. The greater part of the stomach was in the posterior mediastinum, while the pyloric portion passed into the abdomen through the foramen cesophageum. The oesophagus ended 3 cm. above the hiatus: its upper part passed behind the root of the left lung, and its lower part between the sac enclosing the stomach and the right lung. In addition to the diaphragmatic hernia this subject had a right labial and left interstitial hernia; the foramen ovale was patent, and there were only eleven thoracic vertebrae and eleven ribs. (Fig. 11.) J. B. Hume, in the dissecting room, met with a thoracic stomnach in a male subject, aged 56.
The body of the stomach was in the posterior mediastinum contained in a large sac which communicated with the peritoneal cavity through the foramen cesophageum, an opening 2w in. in diameter. The cesophagus, passing down behind the root of the lung, ran for a short distance in the posterior wall of the sac before entering the stomach. (Fig. 12.) Plenk reported the case of a man, aged 44, who presented symptoms of ulceration of the stomach. On opening the abdominal cavity it was found that the stomach was absent, and that the duodenum was being drawn towards the foramen cesophageum. Death ensued. The cardia was located opposite the lower edge of the eighth thoracic vertebra and about 7 cm. above the hiatus: the cesophagus seemed to be shortened by the same amount.
Tonndorf's case was that of a man, aged 76, who had had no gastric symptoms. In the dissecting room he was found to have a hernia through the structurally normal foramen cesophageum. The hernial sac lay in the posterior mediastinum, chiefly to the left of the middle line and reached upwards to the hilus of the lung. It contained the shrivelled stomach and part of the omentum. The pylorus appeared just below the hernial ring. The cesophagus entered the hernial sac fromll behind: it was 4 or 5 cm. less than the average normal measurement.
The necropsies are too few to allow of deductions being drawn but they suggest the undernoted points. Of the seven subjects five were males: it may be recalled that seven of our nine patients were males. One died in infancy and one aged 19; the others reached middle or advanced life. The two youngest subjects died as a consequence of excessive vomiting and Plenk's case was operated on for ulceration of the stomach; in the two oldest patients, on the other hand, there was no history of cesophageal or gastric symptoms. It would appear, therefore, that a thoracic stomach may cause no distress and does not necessarily shorten life. In all of the cases either the entire stomach or its greater part lay in the chest; in three the pylorus was in the abdomen. The cesophagus, excepting in Hume's case, was stated to be short. In two of the subjects (Bund's and Huffman's) other congenital abnormalities were present.
Further evidence of a short cesophagus could be gathered from radiological sources, e.g., Dietlen and Knierim, Le Wald, Fineman and Conner, etc.; this, however, is less convincing.
Bright entitles his case: " Misplacement of the stomach." Bailey refers to his as one of " thoracic stomach." The other writers term the condition " diaphragmatic hernia." Tonndorf, who regards congenital shortening of the cesophagus as the chief aetiological factor, suggests that such cases should be termed "herniae diaphragmaticn verae cesophagewe."
If the abnormality under consideration is due, as above described, to a congenital shortening or hypoplasia of the cesophagus, whereby the cardiac canal, with more or less of the stomach, is prevented from descending into the abdomen, the portion of stomach remaining above the diaphragm cannot then be said to have herniated into the thorax, and in the present state of our knowledge the condition is more correctly termed " a thoracic stomach " or " partial thoracic stomach." HIATAL HERNIA AS A PHYSIOLOGICAL PHENOMENON Before the endoscope had revealed the presence of gastric mucosa close below the stenosis, two explanations of the nature of the dilated viscus extending between the stenosis and hiatus had suggested themselves. In the first place it seemed possible that the dilatation was of the same nature as is known to occur in the rectum distal to a stenosis, though this phenomenon, if it does occur in organic stricture of the cesophagus, must be rare. In the second place we know that the gullet at the hiatus and cardia must be extremely dilatable if such a large object as a dental plate could gain entrance to the stomach. From investigations in the post mortem room we satisfied ourselves that the cardia was indeed dilatable 97 Section of Laryngology 1673 to a considerable degree, e.g., by the finger or with fluid under pressure. We found that if the stomach were filled with fluid, the cesophagus ligatured well above its junction with the stomach and pressure then exerted on the stomach to force the fluid into the cesophagus, a cone-shaped dilatation of its lower two inches resulted. This dilatation in some instances presented the same appearance, though not nearly to so marked a degree, as was observed in the children with the cesophageal stenosis.
We were also able to demonstrate that the hiatus in the diaphragm itself was fairly roomy and that the cesophagus was not fixed at this point but moved freely in a vertical direction. In virtue of these facts, and from the knowledge that food tends to pass along the gullet in the form of a bolus in response to peristaltic waves, it seemed not inconceivable that a picture simulating a hiatal hernia of the stomach could be obtained in the normal individual if taken just as the bolus was entering the stomach. With this end in view a series of children in whom there was no suspicion of any oesopbageal mischief was examined by the same technique as was employed in the abnormal cases, viz., the swallowipg of a bolus of a thick barium meal after the stomach had been already distended with a thin mixture. It was necessary to take the photograph as the bolus was entering the stomach, which we found by experience to be 7 to 10 seconds after the act of swallowing ( fig. 13 ). In all, we examined eleven children, varying in age between six months and twelve years.
In five, aged 1d, 5, 10, 10* and 11 years respectively, we obtained a picture similar to that of hiatal hernia (figs. 14 to 18). There was reproduced in four of the children a definite cone-shaped dilatation implicating the lower end of the cesophagus, its base being continuous with the gastric sbadow. The upper limit of the dilatation extended to the level of the 8th and 9th dorsal vertebrae, which, be it noted, was almost as high as the level at which the strictures had been observed.
Our failures in the other children we are inclined to ascribe to not obtaining a photograph jusu as the bolus was entering the stomach. In this matter, as we have previously remarked, the time factor is everything, and it was difficult, especially with the younger children, to be sure of the exact moment when the bolus had become engaged by the pharyngeal muscles.
It also occurred to us that if this dilatation were a herniated portion of the stomach it might be possible to force into it some of the gastric contents. This was attempted by giving the child a fairly large amount (severalounces) of a thin barium emulsion and observing under the fluorescent screen the result of vigorous palpation of the epigastrium with the patient lying in different positions, e.g., on the face, the side, and with the pelvis raised. In no instance, however, just as was our experience with the children who presented a stricture, was it possible to cause the gastric contents to pass into the cesophagus and reproduce the conditions observed during swallowing.
Although these tests rather tended to confirm the suspicion that the cone-shaped extension from the stomach seen during the act of swallowing in the children with no congenital stenosis, was really a dilated oesophagus, we decided to test the matter further by examination of its lining membrane ashad been done in the case of the children suffering from stricture. This we did in five cases. The cardia having been identified by means of the endoscope, snips of mucous membrane were taken from beyond it. The site, from measurements with the endoscope, was estimated to be nearly opposite the midclle of the shadow (supra-diaphragmatic dilatation), the nature of which was in doubt, and on a level with the upper border of the tenth dorsal vertebra. This level, on an average, is only the width of one vertebra lower than that at which the mucosa was obtained in the children witlh stenosis. In three of the cases typical gastric mucosa was recovered and in two both gastric and cesophageal epithelium was l)resent in the piece of tissue fig. 13 ). Tracings of skiagrams of apparent hiatal hernia in normal children during deglutition. (Figs. 14-18 ). fig. 19 ). In one of the three children from whom gastric mucosa alone was obtained, a piece of the mucosa was excised at a higher level and this revealed both glandular and stratified epithelium. Section of piece of mucous membrane removed by endoscopy showing junction of cesophageal and gastric types of epithelium (from same case as fig. 17 ).
Thus the supra-diaphragmatic dilatation observed during the act of swallowing in the children without stricture is to a great extent of gastric origin. This con-.t-I clusion, it seems to us, must dispose of the idea that the temporary passage upwards into the thorax of the cardia with more or less of the adjacent part of the stomach observed during deglutition is to be regarded as a hiatal hernia in the generally accepted meaning of this term, and thus as a pathological condition. In our view it is a normal occurrence. We have already remarked that while the condition is unknown in the post-mortem room it would seem to be a common radiological finding during life. This, however, is not a matter for surprise if our conception of the mode of its production is correct.
There is, it will be admitted, the greatest difference between the conditions prevailing during life and after death. During life there is not only the normal tone of the tissues, whi3h tends to make the cesophagus somewhat shorter than after death, when all tone is lost, but there is the additional factor of the contraction of the longitudinal muscular fibres during the act of swallowing. For this shortening, which must occur during peristalsis, some provision for movement at either end of the cesophagus is essential. It would indeed be a catastrophe if it were otherwise. We know that the cesophagus is fairly fixed at its upper end, but at its lower end ample provision has been made for movement, both in a lateral and vertical direction, by the width of the hiatus and the looseness of the cesophageal attachments. In short, it is the contraction of the cesophagus during swallowing which, in our opinion, causes a pulling of the cardia through the hiatus and accounts for the frequent representation of the phenomenon in the radiogram.
There is, moreover, another condition which renders the recovery of gastric mucosa at such a hiigh level not unlikely. In the child, at least, we have found from histological examination that the junction of the cesophageal and gastric types of mucous membrane is often at an abnormally high level in relation to the hiatus.
In a series of five cases we found that the level varied between 4 mm. above and 10 mm. below the diaphragm. In one case, owing presumably to the sinuosity of the line of junction, the point of transition varied between 4 mnm. above and 4 mm. below the level of the diaphragmatic attachment. The conception generally held that the hiatus is at a higher level than the cardia is shown by the above histological evidence to be no longer tenable. If the line at which the mucosa changes from the stratified to the glandular type is taken as the cardia then it is evident that normally the cardia may be at a higher level than the hiatus, and that even during the stage of complete relaxation of the cesophagus. It is therefore easy to understand how, during its contraction, the cardia mnay rise well above the level of the hiatus. The excursus of the diaphragm will also influence the level of the hiatus, but, owing to its proximity to the vertebral column, only to a limited degree. This movement can in no way affect the relationship of the cesophagus to the stomach. Finally, if the above conception is correct, the present views as to the radiographic picture of the cesophagus during swallowing must be modified. It is usually taught that as a bolus enters the stomach the shadow presents a horizontal upper surface and a tapering lower end and thus would seem to gain entrance in the form of a wedge. ln our experience, at least when a meal of thick consistence has been employed, the reverse has been the case. Whenever we have succeeded in observing the bolus as it was entering the stomach it did so in the form of a cone, with the base downwards. In our opinion the oesophagus and stomach represent rather a continuous whole than two separate organs of which one is a large sac and the other a tube of comparatively narrow calibre opening into it. Any other conception than the one outlined above makes incomprehensible the ease with which the bolus can be ingested irrespective of its size and consistence.
We desire to express our thanks for the valuable assistance in olir studies which we have received from two members of the Staff of the Royal Hospital for Sick Children, Glasgow. To Dr. D. C. Suttie, M.C., Superintendent and Radiologist, we we are indebted for numerous skiagrams, and to Dr. J. W. S. Blacklock, Pathologist, DiMscssion.-Mr. HAROLD BARWELL said that this paper embodied what was largely a new conception, and he did not think that all its implications could be at once realized. He gathered that Dr. Findlay considered that the position of the cardia above the diaphragmthe intrathoracic position-was physiological in children during the act of swallowing, but Dr. Brown Kelly did not seem to quite take that view, because it was not only during swallowing, but also during cesophagoscopic examinations, that he found the gastric mucous membrane inside the thorax.
The point which caused the greatest difficulty in his (the speaker's) mind was the following: If the intrathoracic cardia was a common condition, in what way was it connected with congenital stenosis ? Was it the cause of the stenosis, or was it an accidental finding? Was intrathoracic cardia cominon in children, and had attention been directed to it, because in these cases there was stenosis as well ?
Sir JAMES DUNDAS-GRANT said that in the points which had been brought forward he saw an explanation of some of the cases about which he had had doubts. In connection with microscopy of scraps removed under csophagoscopy it was necessary to remeumber that occasionally the cesophagus was the seat of patches of gastric mucous membrane. He thought that the movement which Dr. Findlay had described must inevitably take place. Dr. A. BROWN KELLY (in reply) said that in the cases with stenosis he regarded the high position of the stomach as an organic condition, but in the normal children the temporary hiatal hernia was a physiological variation. Three years was not a sufficiently long time to have had these cases under observation to enable one to foretell what might happen to them at a later stage of life. It was conceivable that as these children grew older some change might take place, in consequence of which the cardia descended; but there was no post-mortem evidence of a gradual lengthening of the cesophagus. The mystery must be cleared up, but time alone would do it.
Professor FINDLAY (in reply) said that the relationship between the cases with stenosis and the cases without stenosis was, to him, inexplicable. There was no doubt that in the normal child the cardia during swallowing rose well above the diaphragm and that in the cases of stenosis the cardia was also well above the diaphragm. The gastric mucous membrane was recovered from the cases with stenosis at a distance of only one vertebra higher than in the cases without stenosis. The conditions, too, under which these findings were made were the same in all the patients. If the hiatal hernia, was temporary in the cases without stenosis, why was it not therefore also temporary in the cases with stenosis ? Dr. Kelly, however, identified the stenosis as at the level of the cardia. Was it because the cardia rose unduly high that there resulted cardiospasm ? In both conditions the cardia was high, and there was a difficulty in understanding why the raising of it a little higher, i.e., only the distance of one vertebra, should induce this cardiospasm. No post-mortem material was available on the subject. The post-mortem cases mentioned by Dr. Kelly were hernias of the whole stomach, and were not comparable with those of which they had been speaking. Rivto, who had described many partial hiatal hernias, had had operations performed in three cases, but although details regarding the radiological appearances were supplied, nothing had been said as to-the findings at the operations. At Great Ormond Street Children's Hospital there bad been collected over many years ten cases and these had been recorded last year by Drs. Sheldon and Ogilvie: they all showed the stenosis at the level of the seventh thoracic vertebra with dilatation of the cesophagus above the constriction. No dilatation was found in the lower part, but then the technique described by Dr. Brown Kelly and himself had not been adopted. One patient had died from tuberculous meningitis after being under observation for two years, and at the post-mortem examination nothing abnormal was found on either naked-eye or microscopic examination of the cesophagus.
